€ducational =
Innovations? =icus-
prising
ce for Kids:

Engineering
KIT-560

© 2022 Educational Innova tions, Inc. ﬁ Phone (203) 74-TEACH (83224)
5 Francis J. Clarke Circle, Bethel, CT 06801 www.TeacherSource.com



€ducational

e,

Innovations:

Table of Contents

1
2
4
Activity 2: 7
Activity 3: Whirly 15
Activity 4: Hydraulic Lift 18

Activity 5: Build an Artificial Hand
Activity 6: The Eccentric Wheel
Additional Tensegrity Structure Patterns

Take Your Learning Further

© 2022 Educational Innovations, Inc. ﬁ Phone (203) 74-TEACH (83224)
5 Francis J. Clarke Circle, Bethel, CT 06801 www.TeacherSource.com



Welcome to
Surprising Science for Kids:

Engineering Design
Grades5-8

g point for
aspiring engineers

Included in this k

24 Jumbo Craft Sticks
Cardboard
Fishing Line

yringes

Clear Tubing

Skewer

Push Pin

Hot Glue Gun

3 Extra Hot Glue Sticks
Colored Duct Tape
Ruler

Propeller

3 Rubber Bands

2 Large Paper Clips

12 Popsicle Sticks

essories for the Eccentric Wheel

Helicopter Pattern

You will also need:
® Scissors ® \Water
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Introduction

urself, what’s so important about learning science and math? The answer
olve real-life problems.

ed, one of the most important advancements came from their ability to design
made life easier and more comfortable for their citizens. Whether it was
athways, roadways or bridges to travel from one area to
another, or building_si achines to make their work easier, the societies with the
ccessful, and their citizens lived better lives.

In a practical sense, isted since ancient times, when humans devised instruments
now called simple ma the wedge Iever and wheel and axle to help them reduce their
effort when having to d

Over time, these simple machines evolved into more complex ma
screw was designed to move water from a lower elevation to a hig
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Introduction

continued

To have become much more complex, but all are based on the original simple machines.

The profession we now call e
specialists began using mathematics
typically have craftsmen complete #
real engineers in the modern sense ¢

es. These special designers would
echnically, they became the first

Leonardo da Vinci
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Activity 1:
The da Vinci Bridge

s was Leonardo da Vinci (1452-1519). You may
artist who painted the Mona Lisa and The Last Supper,
re than just a painter. He was well ahead of his time
designs, man hich are in use today.

but
with h

From a young

a wide range ave b ools he needed to create designs

for everything

scuba gear.

Back in 1502, da Vinci d : idge that was intended to connect Istanbul with
a neighboring city, Gal t the opportunity to construct the bridge, his
design was far different t tructure was intended to stand on its own,
using the force of gravity ins r mortar, to hold the stone together.

In this activity, you will build a

Vocabulary:
Tension: The force that pulls things

Compression: The force that push

Materials:
@® 18 Jumbo Craft Sticks

Your challenge is to build a bridge using 18 craft sticks. The bridge will st
craft sticks. After you weave the sticks together, the tension of the sti
lift it off the surface of the table. This bridge design should with
from the side will cause it to topple. You'll need some patie
back at the beginning and try it again!

Feel free to try this on your own. If you need additional help, see
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Activity 2:
Tensegrity Structure

nal integrity. This term was made up by Buckminster Fuller, an American
er, inventor, and all-around clever guy. This word is used to describe a
relies on both tension and compression.

As we learn ion force is one that pulls materials apart whereas a
compression fe her. Some objects, like a rope, can support a great deal of
tension. But his is why you can use a rope to play tug-of-war, but if you try
to compress a

Materials:

@® Cardboard ® PaperClip

® Skewer ® Hot Glue Gun
@® DuctTape ® Ruler

[

Scissors (not included)

Take a look at the image below and t
of the table is being held up by the strin
stable by the three support lines attache
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Activity 2:
Tensegrity Structure

continued

he top support piece to the top piece as shown.

21. Cuttwo base pi

22. Cut twelve brac ether to make two
large braces.

23. Glue the brace assem it sturdier as shown.

24. Draw aface onyour charac

25. Cut a piece of the clear fishin

26. Thread it through the hole you jus ' hen loop the line around
d now be connected
by the fishing line.

27. Cutthree 12-inch long pieces of fishing line and then tape ea
as shown in the photo using the duct tape provided.

ne top in the

Surprising Science for Kids: ENGINEERING DESIGN 11 Tensegrity Structure
© 2022 Educational Innovations, Inc. www.TeacherSource.com



|

Activity 3:
Whirly Bird

rew was one of the earliest designs for a helicopter-like
his device wasn’t actually capable of flight, but da Vinci
right track!

ber of inventors designed relatively successful vertical flying

t until 1939 that the first mass produced helicopter actually
Built by Igor Sikorski, a Russian-born American citizen, these
ed a significant role in World War Il. Today, Sikorski helicopters
> most well-known in the industry.

Today, when you see ai
be an easy process. Th
mathematics, engineering

overhead, you may think that creating them must
ve a flying machine, a great deal of science,
Into the planning, design, and building.

Basically, four forces act on a
thrust and drag. Lift, the force
counteracted by the force of weigh

t. Lift and weight work in opposition, as do
carry the craft aloft, is directly
avitational pull downward.

Drag

Weight

Thrust, the force produced by the rotor to move the craft for
the force caused by air friction, which slows the craft. The mor
less drag is produced.

ct opposition to drag,
amic the machine is, the

So, when aeronautical engineers design a helicopter, they need to bui
so the rotor blades can lift it and propel it forward, and it must be smoo
rough surfaces creating friction and drag.

In addition to reducing the negative forces, engineers need to deal with torqu
that causes an object to rotate around an axis. For example, if we have a prope
the propeller spins one way the motor wants to spin in the opposite direction. Be
engineers need to design their aircraft to counteract torque.
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Activity 4:
Hydraulic Lift

nce that deals with forces and motion related to liquids. Hydraulic systems
luids to transfer a force from one area to another. Unlike gases, liquids
d, so they are commonly used in hydraulic machines like elevators, backhoes, and

® 2 Syringe Clear Tubing ® HotGlueGun

® SmallCup ® 2Dy @® 11 Popsicle Sticks

@® 4 Large Craft Stic @® Black Electrical Tape
@® Pipe Cleaner ® Ruler

@® Water (not included)

Instructions:

back on one, to the 10 ml
Attach the two syringes to

1. Find the syringes and the clear tub
mark. On the other, fully press th
the tubing as shown.
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Activity 4:
Hydraulic Lift

continued

ct tape, first secure the larger craft stick that is attached to the structure
ck to act as an arm. The tape should provide a hinge so the upper stick
nward. Using about 5 cm of black electrical tape, attach the syringe to the
pper arm rests on the top of the syringe at its lowest point.

16. Cut the pipe cleanerin half. Wrap
around the plunger of the syringe.
the attached syringe fills with water. Then

pper stick and loop it
ge that is not attached so
o lower the lift.

17. Glue two more large craft sticks onto the 3
18. Now, loop the other half of the pipe cleaner and using the bz

now empty cup on opposite sides like a basket handle. Finally, at
arm of the lift. Put anitem in the basket and raise and lower j

e, attach the
leaner to the
raulic lift!

What is the function of the two additional craft sticks you ad t base of the lift?

Is there something else you can build using hydraulics?
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Activity 5:
Build an Artificial Hand

continued

er straw to fit between the joints of each finger. Because the bones of your

ng through each
straw piece on the pinkie finge carest the

pinkie on the palm of the hand.

9.  Using the hot glue gun, attach the string a

10. Repeat with the four other fingers.

11. Testit out! Pull gently on each string to make sure that finger works.
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Activity 6:
The Eccentric Wheel

t a wheel rotates on. An eccentric wheel is similar to a regular wheel except
wheel that is off center. This makes the wheel rotate in a non-circular
ccentric means unconventional or slightly strange, so when you see a wheel with

r, it looks normal,.but having an axle attached to the edge of the wheel looks rather

strange.

When you ha
wheels for thing

it creates an unusual movement. Engineers use eccentric
otives, oil rigs, and amusement park rides.

Eccentric wheel

Eccentric wheel

¢ wheel

In this activity, you will use three wheels whose axle hole is on the &
wheels are mounted on an axle, the outer edge of the disk pushes on
produce a repeating motion. This motion creates dancing heads.

the disk. Wh
mech
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Activity 6:
The Eccentric Wheel

continued

g heads through the top holes of piece 5. Attach part 9 to the bottom of

hen thread through the hole on part 4. At
d be dry. Slide them onto part 11 so that the

8. Attachpart10to
this point, the eccentri
wheels are pointing i

9. Slide the split end of piece 11 through the
slide through the opposite hole so the axle (
the ends are flush (even with one another).

ng the second piece 11,
way through so

piece 11) fo

10. Move the eccentric wheels so they are directly below the ci he bottom of the
smiling heads.

11. Attach the peg (handle) to the wheel (part 10).
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